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Color digital holographic microscopy offers subsequent multi-focus true color 
imaging with simultaneous quantitative phase contrast analysis. Investigations 
on the numerical reconstruction of color digital holographic images have been 
performed by applying an off-axis transmission microscope experimental setup 
to stained tissue sections. 

1 Introduction 

The analysis of pathological sections represents 
an important tool in medical diagnostics. Patho-
logical tissue is enclosed in a supporting material 
and treated with a reagent or dye that visualizes 
structures before sectioning for microscopic ex-
amination. Digital holographic microscopy offers 
subsequent multi-focus imaging with simultaneous 
quantitative phase contrast analysis [1-4]. Investi-
gations on digital recording and numerical recon-
struction of color digital holographic images have 
been performed by applying a transmission micro-
scope experimental setup in holographic off-axis 
geometry. Three monochromatic digital holograms 
are recorded a different wavelengths in red, green 
and blue spectral range [5-6]. After digital holo-
graphic refocusing and compensation for aberra-
tions of the microscope imaging system by digital 
image correlation the numerically reconstructed 
amplitude distributions are combined into color 
images. The applicability of the method is demon-
strated by results obtained from a stained intestine 
tissue section. 

2  Setup for Color Digital Holographic Micros-
copy 

Fig. 1 illustrates the concept of a color digital holo-
graphic microscopic system. The light of three 
lasers with different wavelengths (red: λ=632.8 nm, 
green: λ=532 nm, blue: λ=460 nm) is divided re-
spectively into an object illumination wave (object 
wave) and a reference wave which are each ar-
ranged to propagate in the same optical path. For 
simplification of the experimental setup polarization 
maintaining single mode optical fibers are applied. 
Holographic off-axis geometry is achieved by a 
beam splitter that generates a slight tilt between 
the reference wave and the object wave. The 
magnification of the sample is performed by a mi-
croscope lens (Zeiss Acroplan LD 5×). The holo-
grams that are formed by the superposition of ob-
ject wave and reference wave are recorded with a 
CCD camera (Sony XCD-X700, 8 bit, 1024×768 

pixels, pixel pitch 6.25μm×6.25μm) and are trans-
ferred via an IEEE1394 (“FireWire”) interface to an 
image processing system for digital holographic 
reconstruction. Color images can be generated by 
combination of images that are recorded by illumi-
nation of the sample with three different light wave-
lengths (e.g. red, green, blue). Thus, the recon-
structed amplitudes obtained from digital holo-
grams that are recorded separately by application 
of three monochromatic lasers contain the color 
information of the investigated object. 

 
Fig. 1 Experimental setup for color digital holographic 
microscopy. M1 – M3: mirrors; BS2 – BS4: beam-splitter 
cubes;L1 – L5: lenses, MO1 – MO2: microscope lenses; 
PH: pinhole; SF, SF1A, SF1B: single mode optical fi-
bers. 

3 Digital holographic reconstruction 

Diffraction based digital holographic reconstruction 
methods like the Fresnel-transformation generate 
not only the information about the object wave but 
also the intensity of the reference wave (“zero-
order”) and the “twin-image” [7]. In addition, the 
size of the reconstructed holographic image de-
pends on the propagation distance. Thus, for mi-
croscopy applications non diffractive reconstruction 
methods (NDRM) that use spatial phase shifting 
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for the retrieval of the complex object wave from 
digitally captured off-axis holograms [2, 8] in com-
bination with subsequent convolution based nu-
merical propagation [9] are of particular advantage. 
As a consequence of the applied reconstruction 
algorithms the reconstructed complex object wave 

( , , )IPO x y z  in the image plane at z=zIP does not 
include the disturbing terms “twin-image” and “ze-
ro-order”. From ( , , )IPO x y z , in addition to the am-
plitude ( , , )IPO x y z  that represents the image of 
the sample, the phase information ( , , )S IPx y zϕΔ of 
the sample (quantitative phase contrast image) is 
reconstructed simultaneously: 

    
{ }
{ }

Im ( , , )
( , , ) arctan (mod 2 )

Re ( , , )
IP

S IP
IP

O x y z
x y z

O x y z
ϕ πΔ =       (1) 

For color digital holographic microscopy three 
holograms of the sample are recorded at different 
wavelengths. After digital holographic refocusing 
and compensation for aberrations of the micro-
scope imaging system by digital image correlation 
the numerically reconstructed amplitude distribu-
tions are combined into color images. 

4 Experiment results 

Fig. 2 illustrates the color fusion process of the 
numerical reconstruction by a result obtained from 
of a stained intestine tissue section. Figures 2(a)-
(c) show the amplitude distributions reconstructed 
from the holograms recorded at λ=632.8 nm, 
532 nm and 460 nm. By defining a three-layer 
RGB matrix, and adding the reconstructed ampli-
tudes for red, green and blue, the color image in 
Fig. 2(d) is obtained. Fig. 2(d) shows that the color 
holographic image appears with clear boundaries 
and details. Fig. 2(e) shows a corresponding quan-
titative phase contrast image of the sample (mod 
2π). 

 
Fig. 2 Results obtained from of a stained intestine tissue 
section by using color digital holographic microscopy. 
Reconstructed amplitude distributions at (a): 
λ=632.8 nm; (b): λ=532 nm; (c): λ=460 nm. (d): RGB 
image resulting from fusion of (a), (b) and (c). (e): corre-
sponding quantitative phase contrast image of the sam-
ple. 

5 Conclusions 

The results presented in section 4 demonstrate 
that color DHM can be used for the analysis of 
stained tissue sections and prospect subsequent 
refocusing of microscopic color images. Further-
more, the quantitative phase contrast offered by 
DHM can be utilized for quantitative analysis, e.g. 
of the refractive index distribution, of such sam-
ples. Thus, additional quantitative and impartial 
information and parameters in digital histopathol-
ogy are provided. 
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